Abstract Aim: The objective of this study was to evaluate the efficacy of percutaneous radiofrequency ablation of locally advanced pancreatic cancer located in the pancreatic body. Materials and Methods: Patients with biopsy-proven locally advanced pancreatic adenocarcinoma were considered for percutaneous radiofrequency ablation. Postprocedural computed tomography studies and Ca19.9 tumor marker evaluation were performed at 24 hours and 1 month. At computed tomography, treatment effect was evaluated by excluding the presence of complications. The technical success of the procedure is defined at computed tomography as the achievement of tumoral ablated area. Results: Twenty-three patients have been included in the study. Five of the 23 patients were excluded. At computed tomography, the mean size of the intralesional postablation necrotic area was 32 mm (range: 15-65 mm). Technical success of the procedure has been obtained in 16 (93%) of the 18 cases. None of the patients developed postprocedural complications. Mean Ca19.9 serum levels 1 day before, 1 day after, and 1 month after the procedure were 285.8 U/mL (range: 16.6-942.0 U/mL), 635.2 U/mL (range: 17.9-3368.0 U/mL), and 336.0 U/mL (range: 7.0-1400.0 U/mL), respectively. Follow-up duration was less than 6 months for 11 patients and more than 6 months for 7 patients. At the time of the draft of this article, the mean survival of the patients included in the study was 185 days (range: 62-398 days). Conclusion: Percutaneous radiofrequency ablation of locally advanced adenocarcinoma has a high technical success rate and is effective in cytoreduction both at imaging and laboratory controls.
Introduction
Ductal adenocarcinoma is the most common primary malignancy of the pancreas and represents 80% of malignant pancreatic tumors. 1 Radical resection is currently the sole treatment capable of improving long-term survival in pancreatic cancer. Unfortunately, this is possible in only 20% to 30% of the patients. After resection, the 5-year survival rate does not exceed 30% even in high-volume surgical centers and in combination with adjuvant therapy. 2 Basically, prognosis and treatment approach depend on the lesion resectability at presentation. 3 In almost 95% of the cases, pancreatic ductal adenocarcinoma is diagnosed at an advanced stage, 4 with locally advanced or metastatic disease in 40% of the cases. 3, [5] [6] [7] Approximately 40% of newly diagnosed patients present with locally advanced unresectable disease as a result of involvement of major vascular structures. These patients are now defined as having locally advanced pancreatic cancer (LAPC) and generally have a better survival than patients with metastatic disease, but the overall outcome still remains poor. 8 Therapies for advanced pancreatic adenocarcinoma consist of chemotherapy and radiotherapy. One-third of the patients with LAPC may show borderline resectable or resectable disease after neoadjuvant therapy. These patients can have comparable survival to those who initially presented with resectable disease. The efficacy of neoadjuvant therapy as a bridge to potential curative resection is broad, ranging from 3% to 79%. [9] [10] [11] [12] Standard systemic chemotherapy for unresectable pancreatic cancer is usually gemcitabine based. 13 Recently, new chemotherapy drugs and combination have shown significantly better response rates and survival than gemcitabine in patients who have a good performance status, and trials of this regimen in the neoadjuvant setting are ongoing.
14 Unfortunately, many patients with LAPC will continue to have unresectable disease, despite exhaustion of all standard therapies.
Radiofrequency ablation (RFA) of pancreatic ductal adenocarcinoma is nowadays restricted to locally advanced, nonresectable but nonmetastatic tumors. This ablation treatment is in fact reported to be applied to LAPC and mainly performed during laparotomy using intraoperative ultrasound (US) guidance, 15 making in those kind of patients the invasiveness of the approach one of the major points of discussion considering that the ablation, as an intrinsic aspect of the procedure for the pancreatic application, will be incomplete and limited in the inner portions of the tumor preserving the most peripheral ones for safety reasons as previously reported. 15 The primary objective of this study was to evaluate the efficacy of US-guided percutaneous RFA of LAPC located in the pancreatic body. Secondary objective was to determine the response to treatment in terms of cytolytic and cytoreductive effects after the procedure. To our knowledge, this is the first study in which the percutaneous approach is considered to guide RFA in locally advanced pancreatic adenocarcinoma in order to reduce invasiveness of the laparotomy. 15 
Materials and Methods

Patients and Preoperative Imaging
All patients gave written informed consent before undergoing the procedure. Patients with biopsy-proven unresectable locally advanced nonmetastatic pancreatic adenocarcinoma of the pancreatic body were considered as potential candidates for percutaneous RFA. Inclusion criteria were pancreatic tumor still unresectable, based on NCCN 16 guidelines definition due to the presence of celiac trunk and/or superior mesenteric artery encasement and/or unreconstructible superior mesenteric vein/portal occlusion, after chemotherapy with mass located at the body of the pancreas and visible at US study of dimensions greater than 2 cm without abundant intralesional fluid component.
Two to 4 weeks after the end of first line, at least 6 months, patients with chemotherapy will be studied by means of contrast-enhanced computed tomography (CT; Brilliance 64; Philips, Eindhoven, the Netherlands) in order to evaluate response to therapy.
Patients with still nonresectable, nonmetastatic cancer are proposed for percutaneous US-guided ablative treatment. Ethics board was obtained for RFA of LAPC in the surgical department. Patients deemed eligible for the procedure underwent pretreatment workup including baseline complete blood count, liver and renal function tests, coagulation profile, serum level of Ca19.9 tumor marker evaluation, and anesthesia evaluation.
Before the procedure, a conventional abdominal US examination is performed (Sequoia 512 US scanner; Acuson, Mountain View, California) in order to assess the possibility to technically perform the procedure in terms of visualization and reachability of the lesion with perfect visualization of a safe needle tract. Otherwise, patients were excluded from the study.
Procedure
The procedure was performed under deep sedation in the interventional radiology suite with constant monitoring of patient's blood oxygen saturation and cardiac activity. An US and color Doppler evaluation of the route were performed.
Once established the way, under real-time US guidance, the pancreatic mass is approached and the RFA needle (VARI Tip-VCT-needle connected to a Mygen RF generator and cooled by the Cool-Wet Tip pump cooling system; RF Medical Co, Ltd, Seoul, Korea) is positioned taking care to avoid vessels along the tract and the peripancreatic anatomical structures. The electrode, previously opened according to the lesion size, is therefore placed exactly in the middle of the mass. The ablation parameters, power in watt (W) and the time in seconds (s), for the procedure are set according to the lesion size and the tissue impedance recorded by the needle tip. The power (W) is preset at the beginning of the procedure on the RF generator and increases over time, if no change of impedance is recorded by the machine, based on the entity of intralesional gas formation. For safety reasons, it was arbitrarily decided to start the ablation by setting the power at lowest values achievable. The procedure is stopped if change in impedance appears, applying this strategy for each ablation section.
The whole procedure is constantly real time monitored by means of US. During the procedure, the tumor gradually becomes hyperechoic owing to the gas production inside the lesion. This sign can be used to confirm the ablation effect and to monitor the integrity of the surrounding structures. 17 At the end of the procedure, the needle is carefully removed.
Postoperative Imaging
The posttreatment US evaluation assesses the presence of free fluid or fluid collections immediately after the procedure. Postprocedural abdominal dynamic CT studies and serum level of Ca19.9 tumor marker evaluation were performed 24 hours and 1 month after the procedure. Computed tomography study was performed acquiring noncontrast, pancreatic, venous, and late phases. The same maximum diameters of the tumor were considered before and after the procedure for evaluating the percentage of intratumoral ablation zone so that the same difficultness in tumor extension evaluation was present in the pre-and postprocedure evaluation. At CT, the radiofrequency treatment effect was evaluated by excluding the presence of complications. The technical success of the procedure is defined at CT as the achievement of tumoral ablated area. If no complications appeared, patient was discharged from hospital. Patients were then followed up.
Results
Patients
Between June 2013 and December 2014, 23 patients with biopsy-proven pancreatic adenocarcinoma unresectable locally advanced nonmetastatic located in the pancreatic body have been included in the study. Four (17%) of the 23 patients have been consequently excluded because of the absence of a safe approach to the pancreatic tumor at percutaneous US evaluation.
One patient has been excluded during follow-up period because the reanalysis of the CT scan obtained before the procedure showed peritoneal spread of the disease, being this case a mistake in the inclusion process.
The present study therefore enrolled 18 patients (10 males and 8 females; mean age: 62.4 years; range: 47-78 years) with 18 pancreatic lesions located in the pancreatic body-tail. The mean size of the lesions was 48.1 mm (range: 25-86 mm).
Regarding the chemotherapy, gemcitabine was administered for 6 months in 7 patients and Folfirinox was administered for 6 months in 5 patients with stable disease at follow-up in all cases. In 1 patient, Folfirinox was administered for 4 months and Abraxane for 4 months with stable disease at follow-up. In 1 patient, Folfirinox was administered for 4 months and Gemcitabina for 6 months, and in 1 patient, Folfirinox for 2 months and Gemcitabina for 4 months with downsizing of the mass at follow-up. In 1 patient, Folfirinox was administered for 4 months and Gemcitabina for 3 months, in 1 patient, Gemcitabina-Abraxane for 6 months, and in 1 patient, Gemox for 6 months and Gemcitabina for 4 months and Folfiri for 6 months with stable disease at follow-up.
Procedure, Technical Success, and Complications
In 16 cases, the procedure has been completed in a single session. In 2 patients, the procedure has been repeated twice over a time interval. In a single session, 4 (25%) of the 16 patients underwent a single ablative procedure, 11 (68.7%) patients underwent 2 passages, and 1 (6.3%) patient underwent 3 passages in the same session.
The mean radiofrequency application time for every single passage was 3 minutes 13 seconds (range: 30 seconds to 10 minutes).
In 2 of the 20 procedures, opening the needle, the conductive portion was set at 5 mm in length; in 17 cases, the conductive portion of the needle was set at 1 cm in length, and in 1 case, the conductive portion of the needle was set at 1.5 cm length. Table 1 shows the scheme of the technical parameters applied for every procedure. A 20 W power has been applied at the beginning only in the 2 procedures of the first case. In all the other cases, a 30 W was preset to start the procedure. The power of 40 W was reached in 6 cases and the power of 50 W only in 2 cases.
The procedure was stopped after the change in impedance recorded on the machine in 17 of the 18 cases. In 1 case, the procedure was stopped before any changes in impedance because of the abundant intralesional gas formation with the needle opened at 1.5 cm. The hyperechoic gas-filled area was visible, increasing during the procedure and evidently exceeding the length of the conductive portion of the needle at the end of the procedure in all cases.
The CT examination 24 hours after the procedure was performed in all patients. At CT, the mean size of the intralesional postablation necrotic area ( Figure 1 ) was 32 mm (range: 15-65 mm). The mean extension of the ablated area was 70% of the whole pancreatic adenocarcinoma.
The procedure was technically successful in all cases, achieving an ablated area as wide as or wider than 50% of the total tumor extension in 16 (93%) of the 18 cases.
None of the patients developed postprocedural complications. This was an unexpected results taking into account the potential risk of the procedure probably related to the site of ablation perfectly intratumoral; in case of larger or extratumoral ablation requested, for sure, the risk of complications will immediately and rapidly increase. Postprocedural serum amylase value was normal in all cases. All patients were discharged from hospital 2 days after the procedure. The 30-day readmission rate and the 30-day postprocedural mortality were 0%.
Laboratory Follow-Up
Serum levels of Ca19.9 tumor marker before RFA and after RFA procedure are shown in Table 2 . Complete Ca19.9 data were obtained in 10 procedures performed in 9 patients. Mean Ca19.9 serum levels 1 day before, 1 day after, and 1 month after the procedure were 285.8 U/mL (range: 16.6-942.0 U/mL), 635.2 U/mL (range: 17.9-3368.0 U/mL), and 336.0 U/mL (range: 7.0-1400.0 U/mL), respectively. In 7 (70%) of the 10 procedures, Ca19.9 serum levels increased the day after the procedure ( Figure 2 ). One month after the procedure, in 4 (40%) cases, there was a decreased Ca19.9 value, in 4 (40%) cases, there was a stable Ca19.9 value 1 month after the procedure, and in 2 (20%) cases, there was an increased Ca19.9 value (Figure 2) . Except for 1 case with clear-cut increase (Table 2 and Figure 3) , a substantial stability of Ca19.9 values was found in all patients at 1-month follow-up.
Imaging Follow-Up
An abdominal CT scan 1 month after the procedure has been performed in 18 of the 20 procedures. In 8 (44.4%) of the 18 patients, it showed an increase in lesion size, whereas in 10 (55.6%) of the 18 patients, the lesion size was stable disease, but based on RECIST criteria in all cases, the disease was stable at 1 month after the procedure. However, considering the reduction in the tumor tissue due to the ablation performed, it can be argued that based on RECIST criteria, a partial response was obtained in all cases.
Clinical Follow-Up
The follow-up duration was less than 6 months for 11 patients and more than 6 months for 7 patients. Table 3 shows patients' survival after the procedure. At the time of the draft of this article, the mean survival of the patients included in the study was 185 days (range: 62-398 days), and all patients alive in the group with follow-up of longer than 6 months show progressive disease.
Discussion
Pancreatic adenocarcinoma is the third most common malignancy and the fourth leading cause of cancer-related mortality. The overall 5-year survival rate for this disease is less than 5%. In almost 95% of the cases, pancreatic ductal adenocarcinoma is diagnosed at an advanced stage, 4 with locally advanced or metastatic disease in 40% of the cases.
3,5-7 Therapies for advanced pancreatic adenocarcinoma consist of chemotherapy and radiotherapy. Recently, the FOLFIRINOX combination (5-fluorouracil, leucovorin, irinotecan, and oxaliplatin) has shown significantly better response rates and survival than gemcitabine in patients who have a good performance status, and trials of this regimen in the neoadjuvant setting are ongoing.
Radiofrequency ablation is a relatively new treatment option. Radiofrequency ablation works on the principle that alternating current operated within the radiofrequency range can produce focal thermal injury in tissues.
This ablation treatment is reported to be applied to LAPC 15 and based on partial intratumoral necrosis for cytoreduction. This ablation treatment is mainly performed during laparotomy using intraoperative US guidance. 15, 18, 19 The first application of RFA in the normal porcine pancreas was described in 1999. The technical feasibility and effect of RFA were studied in normal porcine pancreatic tissues, and the results were encouraging because discrete zones of coagulation necrosis (8-12 mm) were noticed and no major complications were identified. 18 Although this application was performed under EUS guidance, RFA has nearly always been delivered intraoperatively as an US-guided procedure performed during laparotomy in combination with palliative bypass surgery. 19, 20 In particular, Siriwardena 21 recommended that no patient should undergo laparotomy simply for ablation, but the procedure should be used only in patients in whom palliative bypass is required, therefore essentially patients with pancreatic head cancer, or unresectable disease is found at surgery.
In 26 showed that RFA was feasible and safe in 3 patients with LAPC. The applications of RF-induced tissue coagulation for tumor treatment are wide. It has been used in early clinical trials for the treatment of hepatocellular and cholangiocellular carcinoma, lung, breast, kidney, prostate, brain, spleen, hepatic and cerebral metastases, and benign bony tumors such as osteoid osteomas. [27] [28] [29] [30] [31] [32] [33] [34] From the technical point of view, it is reported the importance of the US guidance of the ablation procedure, mainly during the needle positioning into the lesion. During treatment, the tip of the needle must be kept at almost 5 mm from the sensitive structures such as the duodenum and peripancreatic vessels. [35] [36] [37] Regarding temperature, since protein denaturation begins at 50 C to 60 C, the higher temperatures used during the procedure achieve homogeneous necrosis. On the other hand, the use of too high temperatures (105 C) is proved to increase the risk of complications without a favorable effect. 18 Hence, during the ablation procedure of a pancreatic mass, middle-range temperatures are usually applied (90 C). 19 Moreover, RF application to internally cooled electrodes enables increased energy delivery to tissues with a resultant increase in the volume of induced coagulation necrosis.
As a result of the internal cooling of the needle, electrodes reduce heat deposition adjacent to the electrode, thereby minimizing tissue vaporization and carbonization, phenomena causing impedance increase and a reduced necrosis extent. Needle cooling therefore permits increased energy deposition that in turn results in larger volumes of coagulation necrosis. 38, 39 However, because of the anatomical complexity of the pancreatic and peripancreatic regions and the risks of damaging nearby anatomical structures, the procedure of RFA differs from that in other regions, and complete eradication of the pancreatic mass is likely to be either impossible or unsafe and is not indicated. In fact, independent from tumor size, the necrotic area must not overcome the lesion owing to the required safety margins in respect to the contiguous main vascular and digestive structures. It is therefore inevitable that residual tumor tissue infiltrating mesenteric vessels or the duodenal wall is left. This is why it is reasonable to complete cytoreductive treatment by offering patients chemotherapy and/or radiotherapy.
Immune modulation is reported to be the other possible strong motivation to propose RFA 40 in a combination treatment to patients with pancreatic adenocarcinoma: an increasing number of studies have been published regarding the role of thermal ablation in stimulating and modulating the immune system and the immune response against the tumor.
41- 44 Dromi et al 45 demonstrate in animals an increase in dendritic cell infiltration, which is the most powerful antigen-presenting cells, following the ablation; subtotal RFA treatment results in systemic antitumor T-cell immune responses and tumor regression. Given that RF ablation generates large amounts of cellular debris, it stimulates necrotic cell death and creates a proimmune environment both locally and systemically, which may be ideally suited for activation of DCs in vivo. 46 The natural lack of dendritic cells in pancreatic carcinoma, as compared to other solid neoplasm, 47 makes pancreatic adenocarcinoma the natural candidate for thermal ablation to obtain a systemic effect from a local treatment. One possible explanation relies on the peripheral zone just outside the coagulation necrosis volume, which is exposed to slightly elevated temperatures, but not one high enough or for a long enough time to kill the tissue. This zone is known to contain increased amounts of immunostimulatory and inflammatory factors after thermal stress 48 and could contribute to the enhanced systemic immune response.
It has also been demonstrated that RFA can provide a reduction in back pain and analgesia requirement. 18, 34 Postoperative observation (clinical surveillance, laboratory tests, and imaging studies) is mandatory because of the potential for major or minor and early or later complications. After intraoperative pancreatic cancer RFA, the most frequent complications encountered in the earlier postoperative period (within 1 week) are fluid collection, pancreatic fistula, duodenal perforation, and vascular damage; at later times, digestive or abdominal bleeding, infections, or abscesses are more common, whereas severe acute pancreatitis is a rare complication 49 ; in the study by Girelli et al, there was only 1 case and none was reported in the study by Wu et al. 19, 35 At present, this is the only study that focuses on the percutaneous approach of RFA of LAPC. Quite all pancreatic studies have focused on the feasibility and complications of intraoperative RFA. 19, 21, 35, 49 The present study demonstrated the efficacy of the percutaneous ablation procedure with no complications reported in the 18 patients. Technical success, in fact, was obtained in every treated patient with a complete necrosis of an ablated area that covered more than 50% of the lesion extension in 93% of the cases and with no immediate but also delayed complications. Our results open a new possible approach for RFA of pancreatic ductal adenocarcinoma located in the body of the pancreas stated that, at present, this procedure is reported to be mostly applied to LAPC during laparotomy by using intraoperative ultrasonographic guidance, making in those patients the invasiveness of the approach one of the major point of discussion. Moreover, in a surgical patient, the immune response is usually impaired due to laparotomy, whereas in a percutaneously treated patient, it is, on the contrary, proved to be enhanced because of the stimulation and modulation of the immune system and the immune response against the tumor.
41-44
From the technical point of view, it is important to stress that inclusion criteria of the present study were pancreatic tumor still unresectable after chemotherapy with mass located at the body of the pancreas and visible at US study of dimensions greater than 2 cm. The presence of vascular involvement does not make the procedure impossible because the dimensions greater than 2 cm allow to insert the needle in the vascular free portion of the tumor, and the intravascular flow, especially arterial, safeguards the structures from heating damages.
Some studies have observed a decrease in Ca19.9 blood levels following an effective ablation. 19, 50, 51 In our series, however, an increase in Ca19.9 blood values has been observed in the majority of patients 1 day after the procedure, most likely due to the cytolytic effect of the procedure itself; nevertheless, a decreased blood value in Ca19.9 marker has been observed in 40% of treated patients 1 month after the procedure.
Regarding the possible impact of survival, when compared to patients at the same disease stage who received standard therapy, patients who received combination therapy (chemotherapy together with RFA) showed a higher survival rate. 25 The study by Spiliotis et al 25 also evaluated overall survival after RFA according to tumor stage: patients with stage III disease had a significant improvement in survival after RFA compared to patients with the same disease stage receiving best supportive cares (P ¼ .0032). Frigerio et al 52 reported an overall survival and disease-specific survival rate of 19 months, without differences between patients who were treated with chemotherapy before the RFA procedure and patients who received RFA as a first-line treatment. In the present study, patients underwent RFA after receiving chemotherapy: in the majority of cases (55.6%), CT examination performed 1 month after the procedure showed a stable disease; at present, 6 patients are still alive with a maximum survival time of 398 days.
Our study presents the following limitations: a small cohort of patients, a short follow-up period, and incomplete data because some patients received their postprocedural evaluation in other hospitals far away from our center. Moreover, given the short-time interval in analysis and the combination of treatments, it is still not possible to deduce any conclusion regarding the improvement in the survival rate after RFA procedure. Therefore proved the efficacy of percutaneous RFA of LAPC, the preliminary results of the present study must be confirmed and supported by a prospective randomized trial.
Conclusion
Percutaneous RFA can produce necrosis in locally advanced unresectable ductal adenocarcinoma of the pancreatic body with high technical success rate. The technique has been demonstrated to be well tolerated without complications in the present series. The procedure seems to be active in local disease control giving the technique possible palliative therapeutic role particularly in combination with chemotherapy.
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